Abstract: Accurate risk stratification of smooth muscle tumors (SMTs) is essential for appropriate patient management. Yet, the rarity of SMTs of the vagina and vulva makes development of a prognostically meaningful classification system challenging. While 2 classification methods for vulvar SMTs and 1 for vaginal SMTs have been proposed, it is our experience that many pathologists tend to apply criteria for uterine SMTs when evaluating vulvovaginal tumors. We retrospectively reviewed a large cohort of vulvovaginal SMTs with clinical follow-up and evaluated which method most accurately classified tumors according to patient outcome. A total of 71 tumors, 53 vaginal (75%) and 18 vulvar (25%), from 71 patients were identified. All tumors were centrally examined for degree of cytologic atypia, morphology (spindled, epithelioid, myxoid), mitotic index per 10 high power fields, atypical mitotic figures, tumor cell necrosis, ischemic necrosis, tumor interface (circumscribed or infiltrative) and margin status. Clinical features were recorded for each patient. Follow-up was available for 63 patients (89%), and ranged from 1 to 234 months (median: 64 mo). While site-specific and uterine criteria showed equally excellent sensitivity in classifying smooth muscle neoplasms as leiomyosarcoma according to patient outcome, uterine criteria showed improved specificity relatively to site-specific methods in classifying tumors as nonsarcoma according to patient outcome.
S mooth muscle tumors (SMTs) are the most common mesenchymal neoplasms of the vulva and vagina, 1 yet their infrequency is demonstrated by the prevalence of published reports as individual cases or small series. The rarity of these tumors makes development of a prognostic classification system challenging. However, accurate risk stratification of tumors according to pathologic findings is critical for appropriate management of patients.
To date, 3 site-specific classification methods have been proposed: 2 for vulvar SMTs and 1 for vaginal SMTs ( Table 1 ). The first sets of criteria were published in 1979 by Tavassoli and Norris 2,3 , 1 for vulvar SMTs and 1 for vaginal SMTs. Their review of 32 vulvar SMTs led to identification of 3 main risk features based on tumor recurrence: gross size Z5 cm, mitotic indexZ5 figures/10 high power fields (HPFs) and infiltrative tumor interface. Finding 2 of 3 features qualifies a tumor as low-grade leiomyosarcoma and the presence of all 3 features warrant a diagnosis of leiomyosarcoma. A similar review of 60 vaginal SMTs established varying combinations of risk features that included degree of cytologic atypia, mitotic index and infiltrative tumor interface. Tumors with moderate or severe cytologic atypia and mitotic index Z5 figures/10 HPFs are designated leiomyosarcoma. Further, of the 5 recurrent tumors in their series, the 1 tumor that metastasized had infiltrative margins in contrast to the 4 other locally recurrent tumors that were circumscribed. It was suggested by the authors that the presence of infiltration alone warranted classification as leiomyosarcoma in vaginal SMTs until proven otherwise due to infiltration as a general indicator of more aggressive behavior in mesenchymal tumors.
Prognostic criteria were expanded in 1996 by Nielsen et al 4 following review of 25 SMTs of the vulva. A set of 4 criteria incorporating gross and microscopic findings were proposed: gross size (Z5 cm), presence of infiltrative margin, mitotic index (Z5 mitoses/10 HPFs) and degree of cytologic atypia (moderate to severe). If 0 or 1 criterion was met, the tumor should be interpreted as leiomyoma; if 2 criteria were satisfied, the tumor should be interpreted as atypical leiomyoma; and if 3 or 4 criteria were fulfilled, the tumor should be interpreted as leiomyosarcoma.
Despite these proposed site-specific classification systems, it is our experience that many pathologists tend to apply criteria for SMTs of the uterus 5 when evaluating vulvovaginal SMTs. The 2014 World Health Organization (WHO) Classification of Tumors of Female Reproductive Organs 1 outlines 3 morphologic features to assess in uterine SMTs: degree of cytologic atypia, mitotic index and the presence of tumor cell necrosis. Most practitioners diagnose a tumor as leiomyosarcoma when at least 2 of these 3 features are identified, requiring that the degree of cytologic atypia be at least moderate and the mitotic index be a minimum of 10 figures/10 HPFs. Other combinations of these 3 components, whether due to a lesser degree of cytologic atypia, lower mitotic index or presence/absence of tumor cell necrosis, fall within a spectrum of SMTs such as SMT of uncertain malignant potential (STUMP), leiomyoma with bizarre nuclei and mitotically active leiomyoma, which have been correlated with potential for aggressive behavior from outcome-based studies of uterine SMTs. [6] [7] [8] [9] In addition, before 2004, morphologic criteria for risk stratification of ovarian SMTs were nonexistent. A review of 54 SMTs of the ovary by Lerwill et al 10 led to validation of diagnostic categories and prognostic criteria of uterine SMTs. The authors concluded that, as in the uterus, ovarian leiomyosarcoma may be diagnosed when at least 2 of 3 criteria are satisfied: moderate to severe cytologic atypia, mitotic index in excess of 10 figures/ 10 HPFs and the presence of tumor cell necrosis.
The aim of our study was to retrospectively review a large cohort of vulvovaginal SMTs with clinical follow-up and statistically evaluate which of the proposed site-specific criteria or uterine SMT criteria most accurately classified tumors according to patient outcome.
MATERIALS AND METHODS

Case Selection
The archives of 7 institutions were searched for SMTs of the vulva and vagina using keywords "smooth muscle tumor/neoplasm," "leiomyoma," "smooth muscle tumor of uncertain malignant potential," and "leiomyosarcoma." Cases were limited to internal patients of each institution to ensure access to all original slides, relevant clinical information and follow-up. A total of 71 tumors from 71 patients were identified. Clinical and pathologic data were obtained from electronic medical records and pathology reports. These data included the patient's age at diagnosis, tumor site, clinical presentation, reported pathologic diagnosis, gross measurement of tumor size, clinical management (due to interinstitutional differences in descriptions of surgical procedures, excision specimens were consolidated to simple excision if the tumor was conservatively excised or enucleated (Fig. 1A) and wide local excision if excision margins were attempted), presence of and site(s) of recurrence(s), additional therapy (if applicable) and clinical status at last follow-up.
Morphologic Analysis
Complete sets of hematoxylin and eosin slides were centrally reviewed by 2 of the authors (S.S. and J.K.S.). Each tumor was confirmed to be an SMT and its original diagnosis was recorded from the pathology report. Tumors were examined for degree of cytologic atypia (mild, moderate, severe), morphology (spindled, epithelioid, myxoid), mitotic index per 10 HPFs (a minimum of 3 sets of 10 HPFs were counted by Â 40 objective and Â 10 ocular eyepiece and the highest number was recorded), presence of atypical mitotic figures, presence of tumor cell necrosis, presence of ischemic necrosis, tumor interface (circumscribed or infiltrative) and margin status.
Cytologic atypia was defined by the extent of nuclear pleomorphism and enlargement, hyperchromasia, coarse chromatin and size of nucleoli. Tumors with mild atypia had minimal variation in nuclear size and shape, stippled and evenly dispersed chromatin and small to inconspicuous nucleoli (Fig. 1B) . Tumors with moderate atypia exhibited larger nuclei, with irregular nuclear membrane contours, uneven chromatin and more prominent nucleoli (Fig. 1C) . Tumors with severe atypia exhibited frank nuclear enlargement and pleomorphism, coarse chromatin and large nucleoli (Fig. 1D) . If a tumor showed a gradient of atypia, it was recorded as a range. For instance, if a tumor had significant quantities of moderate and severe atypia, it was interpreted as moderate to severe.
For morphology, a tumor was considered spindled (typical/conventional) when it had a fascicular growth of cells with eosinophilic, fibrillary cytoplasm, and elongated nuclei. A tumor was categorized as epithelioid when its cells were polygonal to rounded, resembling an epithelial neoplasm (Fig. 1E) . A designation of myxoid was given when a tumor had prominent quantities of myxoid acid-mucin stroma that often resulted in dyscohesion or separation of individual cells (Fig. 1F ). If the tumor had a mixture of morphologies, it was recorded as a spectrum with the predominant morphologic pattern first followed by the secondary morphologic pattern. For example, if a tumor was 70% spindled and 30% myxoid, it was designated as spindled to myxoid. If a morphologic pattern comprised 10% or less of the tumor, it was given a designation of focal; for example, spindled to focally myxoid. Mitotic figures were considered atypical when there was deviation from standard metaphase patterns, variations of polarity or other nonphysiological division forms. Tumor cell necrosis exhibited an abrupt shift between viable to nonviable tumor without evidence of intervening tissue ( Fig. 2A) contrasted by ischemic necrosis which showed a transition of granulation tissue and/or hyalinization between viable and nonviable tumor (Fig. 2B) . Tumor interface was interpreted as circumscribed when it was well-delineated relative to surrounding non-neoplastic tissue or had an expansile growth (Fig. 2C) , and as infiltrative when permeative growth or destructive invasion of surrounding tissue was seen (Fig. 2D) . Lastly, margin status of the specimens was noted as negative, focally positive (< 3 mm of tumor involving tissue margin) or diffusely positive (Z3 mm of tumor involving tissue margin). If a specimen's margins were extensively involved by tumor to an extent that prevented assessment of the tumor being circumscribed or infiltrative, tumor interface was designated as unknown.
Statistical Analysis
For statistical analysis, SMTs were grouped as vulvar or vaginal and then leiomyosarcoma or nonsarcoma. Clinical and pathologic variables were summarized with means FIGURE 2. Tumor cell necrosis exhibited an abrupt transition between viable to nonviable tumor without evidence of intervening tissue (A). In contrast, ischemic necrosis showed a zone of granulation tissue and/or hyalinization between viable and nonviable tumor (B). Tumor interface was classified as circumscribed when it was well-demarcated relative to surrounding non-neoplastic tissue or had an expansile growth (C) and as infiltrative when permeative growth or destructive invasion of surrounding tissue was present (D).
and medians or ranges for continuous data, and with frequencies and percentages for categorical data. Sensitivity in detecting leiomyosarcoma and specificity in detecting nonsarcoma were calculated for each proposed classification method according to clinical outcome. Analysis of time to recurrence was summarized with 2-year risk estimates using the Kaplan-Meier method, and was compared between groups with likelihood ratio tests from Cox proportional hazards regression models. P-values <0.05 were considered statistically significant. All analyses were performed by SAS software, version 9.4 (SAS Institute, Cary, NC).
RESULTS
Selected clinicopathologic features of all vulvovaginal SMTs are shown in Table 2 . Features of recurrent tumors are outlined in Table 3 Vaginal SMTs Reported as Spindled Leiomyoma (n = 39)
Patient age ranged from 22 to 87 years (mean: 50 y). Tumor size was 0.6 to 7 cm in greatest dimension (mean: 2.6 cm). Simple excision was performed in all 39 cases.
Each tumor had uniformly spindled cells with no more than mild cytologic atypia. Mitotic index ranged from 0 to 7 figures/10 HPFs and no atypical mitotic figures were seen. Tumor cell necrosis was consistently absent. Ischemic necrosis was noted in 4 tumors (10%). Infiltrative tumor interface was present in 4 tumors (10%), of which 3 had diffusely positive margins and 1 had negative margins. Circumscribed tumor interface was present in 22 cases (56%). Tumor interface could not be assessed in 13 cases (33%).
Tumor recurrence was not identified in any patient, including patients with positive margins (31 cases diffusely positive, 1 case focally positive) and/or infiltration. Follow-up was available for 35 patients and ranged from 1 to 226 months (median: 85 mo).
Vaginal SMT Reported as Mitotically Active Leiomyoma (n = 1)
The patient was a 71-year-old woman with a history of cutaneous melanoma whom had a 0.5 cm in greatest dimension polypoid vaginal mass discovered during physical examination. The patient underwent simple excision of the mass.
The spindled cells exhibited no more than mild cytologic atypia, up to 10 mitotic figures/10 HPFs without atypical figures and no evidence of tumor cell necrosis or ischemic necrosis. Because of diffuse margin involvement, tumor interface could not be assessed.
No evidence of recurrence was identified despite diffusely positive margins. The patient died of complications of melanoma 15 months later.
Vaginal SMT Reported as Leiomyoma With Bizarre Nuclei (n = 1)
A 36-year-old woman underwent simple excision of a 4.5 cm in greatest dimension vaginal mass. The spindled cells had moderate to focally severe cytologic atypia without mitotic activity (0 figures) and tumor cell necrosis. Ischemic necrosis was absent. Since tumor diffusely involved margin, tumor interface could not be assessed.
After 180 months of follow-up, recurrence was not reported.
Vaginal SMTs Reported as Spindled Leiomyosarcoma (n = 11)
Patient age ranged from 15 to 78 years (mean: 53 y). Tumor size varied from 3.5 to 9 cm in greatest dimension (mean: 5.9 cm).
All tumors exhibited at least moderate cytologic atypia. One tumor had mild to moderate cytologic atypia, 1 had uniformly moderate atypia, 7 had moderate to severe atypia and 2 had severe cytologic atypia. Spindled morphology was seen in 7 tumors (64%), spindled to myxoid morphology in 3 tumors (27%) and epithelioid to spindled morphology in 1 tumor (9%). The mitotic index ranged from 5 to 32 figures/10 HPFs with a median of 15 figures/10 HPFs (preneoadjuvant assessment only). Atypical mitotic figures were identified in each tumor (100%). Tumor cell necrosis was present in 7 tumors (64%). Tumor interface was infiltrative in 5 cases (45%), circumscribed in 4 (36%) and unknown in 2 (18%). Six tumors had negative margins (55%) and 5 had positive margins (45%).
Seven patients underwent wide local excision (4 patients received neoadjuvant therapy before excision based on prior biopsy diagnosis of leiomyosarcoma), 3 patients underwent simple excision and 1 had a posterior exenteration. One patient presented with liver metastasis at time of primary surgical intervention. Patients were managed with assorted combinations of adjuvant therapy and surgical resection following recurrence(s). Follow-up ranged from 2 to 234 months (median: 64 mo). A total of 8 patients recurred, either locally (2 patients) or distant sites (6 patients). At last follow-up, 4 patients had died of disease, 2 were alive with disease, and 5 had no evidence of disease. In addition, 2 patients with no evidence of disease at last follow-up were deceased from an unknown cause.
Vaginal SMT Reported as Myxoid Leiomyosarcoma (n = 1)
A 67-year-old woman presented with a vaginal mass and underwent simple excision of the lesion. Grossly, the tumor measured 4 cm in greatest dimension.
Microscopically, the tumor cells exhibited moderate cytologic atypia with purely myxoid morphology. The mitotic index was 6 figures/10 HPFs and atypical figures were seen. Tumor cell necrosis was present. The tumor had an infiltrative interface and excision margins were negative.
The patient experienced multiple pelvic recurrences, the first occurring at 48 months, and eventually developed chest wall metastases. Recurrences were treated by surgical resection, chemotherapy, and radiotherapy. The patient died of disease at 150 months.
Vulvar SMTs Reported as Spindled Leiomyoma (n = 13)
Patient age ranged from 28 to 77 years (mean: 52 y). Tumor size was known in all but 1 tumor and ranged from 0.5 to 11.2 cm in greatest dimension (mean 4 cm). Simple excision was performed in 11 cases and wide local excision was performed in 2 cases.
Each tumor uniformly had spindled cells with no more than mild cytologic atypia. Focal myxoid morphology was noted in 3 cases (23%). Mitotic indices varied from 0 to 1 figure/10 HPFs and none had atypical mitotic figures. Tumor cell necrosis was consistently absent. Ischemic necrosis was found in 2 tumors (15%). Infiltrative tumor interface was present in 3 tumors (23%), of which 2 had diffusely positive margins and 1 had negative margins. Circumscribed tumor interface was present in 8 cases (61%). Tumor interface could not be assessed in 2 cases (17%).
Tumor recurrence was not identified in any patient, including patients with positive margins (8 cases diffusely positive, 1 case focally positive) and/or infiltration. Follow-up was available for 9 patients and ranged from 1 to 137 months (median: 12 mo).
Vulvar SMTs Reported as STUMP (n = 2)
One tumor was reported as spindled STUMP and another was reported as myxoid STUMP.
The spindled STUMP occurred in a 50-year-old patient. She presented with a painful right-sided vulvar mass and underwent wide local excision. Grossly, the tumor measured 8.5 cm in greatest dimension.
Microscopically, the tumor consisted of a pure population of spindled cells with moderate to severe cytologic atypia, 1 mitotic figure/10 HPFs and no tumor cell necrosis. Tumor interface was circumscribed and excision margins were negative. At last follow-up 9 months postop, the patient had no evidence of disease.
A 45-year-old patient presented with a vulvar mass and was diagnosed with myxoid STUMP. The tumor was excised by simple excision and measured 6 cm in greatest dimension.
The cells were predominantly myxoid with focal areas of spindled morphology. The degree of cytologic atypia was moderate to severe and 1 mitotic figure/10 HPFs was identified. Tumor cell necrosis was absent. The tumor was infiltrative, but margins were negative. The patient had no evidence of recurrence at last follow-up (19 mo).
Vulvar SMTs Reported as Spindled Leiomyosarcoma (n = 3)
Patients' age at diagnosis were 56, 68, and 72 years. Recurrence in each patient occurred at differing intervals: metastasis to lung at 1 month in 1 patient, metastasis to lung at 36 months in another patient and extensive local recurrence of the pelvis at 41 months in the remaining patient. One patient was treated with adjuvant radiotherapy and 2 patients were treated with chemotherapy after recurrence. All 3 patients died of disease (4, 36, and 56 mo).
Statistical Analysis of SMTs According to Sitespecific Criteria and Uterine SMT Criteria
Results of sensitivity and specificity calculations are summarized in Tables 4 and 5 . When vaginal leiomyosarcomas were classified by patient outcome, the sensitivity of site-specific 1979 vaginal criteria was 88.9% (8/9) and uterine criteria was 100%. For vulvar leiomyosarcomas classified by patient outcome, the sensitivity of site-specific 1979 vulvar criteria, 1996 vulvar criteria and uterine criteria was 100% for each (3/3) .
Specificity for nonrecurrent vulvovaginal SMTs showed greater variability. For vaginal SMTs, site-specific 1979 criteria had a specificity of 90.2% (37/41) and uterine criteria had a specificity of 100% (41/41). For vulvar SMTs, site-specific 1979 criteria had a specificity of 86.7% (13/15), 1996 criteria had a septicity of 93.3% (14/15) and uterine criteria had a specificity of 100% (15/15) .
In addition, a range of gross and morphologic variables were significantly (P < 0.05) associated with recurrence among SMTs. Analysis of these features and their relationship to 2-year recurrence-free survival are summarized in Table 6 .
DISCUSSION
Our study has some advantages to prior series of vulvovaginal SMTs. First, our cohort of patients was comprised solely of institutional cases which provided us with comprehensive pathologic data for each patient and access to all original hematoxylin and eosin slides. Second, we assessed the value of tumor cell necrosis as a feature of malignant potential given its significance in uterine and ovarian SMTs. Third, we had access to detailed clinical history and follow-up from institutional medical records and for the majority of patients (follow-up median of 5.3 y, 89% of patients). Lastly, our study reviewed, to the best of our knowledge, the largest series of clinically aggressive vulvovaginal SMTs to date.
Similar to the 1979 studies of vulvovaginal SMTs, 2,3 we did not retrospectively reclassify tumors, opting for clinical outcome (local or distant recurrence) to be the standard by which tumors are considered sarcoma. Whatever methodology was used to classify and report the 71 tumors included our study, we did not notice a discordance in reported diagnosis when linked to patient outcome. All 54 tumors that were labeled as leiomyoma behaved as expected, and even simple excision with diffusely positive margins was sufficient treatment since none recurred. This result supports the continued practice of conservative excision of lesions of low clinical suspicion and/or pose complicated or debilitating removal due to their anatomic location. The 2 tumors in our study classified as STUMP have yet to show evidence of recurrence. Because of the small size of this group and limited follow-up for these patients (9 and 19 mo), it remains to be seen whether classifying vaginal and vulvar SMTs as STUMP using uterine criteria is associated with a similarly low risk of recurrence as has been reported in their uterine counterparts.
Likewise, whatever threshold was utilized to diagnose a tumor as leiomyosarcoma, 12 of 15 cases diagnosed as leiomyosarcoma recurred, either distantly or locally (Table 3) . Distant metastasis occurred in 10 of 12 patients, 8 of whom are dead of disease, 1 of whom is alive with disease and 1 of whom has no evidence of disease. Two patients diagnosed with leiomyosarcoma experienced only local recurrence (cases 43 and 52). Case 43 was a 6 cm vaginal tumor with moderate cytologic atypia and predominantly epithelioid morphology, 18 mitotic figures/ 10 HPFs, tumor cell necrosis and infiltration with persistent/ recurrent disease in the vagina 2 months after excision. The patient is without disease at last follow-up 234 months postop. Case 52 was a 4.2 cm vaginal tumor with moderate to severe cytologic atypia, spindled morphology, 23 mitoses/10 HPFs with tumor cell necrosis and unknown tumor interface due to diffusely positive tumor margins. This case is more recent, and has only limited follow-up of 2 months. Nevertheless, persistent/recurrent disease at the site of excision was clinically identified 1 month after excision. Both cases were included as recurrent tumors for statistical analysis. All distantly or locally recurrent tumors satisfied both site-specific criteria and uterine criteria for designation as leiomyosarcoma with 1 exception (case 44). Case 44 was a 3.5 cm tumor with mild to moderate atypia, 24 mitoses/10 HPFs, tumor cell necrosis and circumscribed tumor interface. As the tumor lacked significant cytologic atypia and/or infiltration, it did not qualify as leiomyosarcoma according to 1979 vaginal criteria, yet met uterine criteria for malignancy. This patient experienced spread of tumor to the pelvic sidewall 23 months after diagnosis and underwent surgical resection and radiation therapy. She died of an unknown cause at 76 months. Of the 3 nonrecurrent tumors diagnosed as leiomyosarcoma (cases 46, 48, and 49), 2 satisfied criteria for leiomyosarcoma by site-specific and uterine criteria and both of these patients had limited follow-up (cases 46 and 49). The 7 cm tumor from case 46 had significant cytologic atypia, 32 mitoses/10 HPFs, tumor cell necrosis and infiltration. The patient died of an unknown cause 8 months after diagnosis. Case 49 had a follow-up period of 10 months. This patient had a 4.8 cm tumor with moderate to severe atypia, 12 mitoses per 10 HPFs and no evidence of tumor cell necrosis. The remaining nonrecurrent tumor classified as leiomyosarcoma (case 48) would be classified as STUMP according to uterine criteria due to its moderate to severe cytologic atypia, 5 mitotic figures/10 HPFs and lack of tumor cell necrosis. This last patient was without disease as of 151 months postop.
Many of the gross and morphologic features that were evaluated demonstrated statistical significance for recurrence risk. The variables of tumor dimension >5 cm, significant cytologic atypia, mitotic index >10 figures/ 10 HPFs, presence of atypical mitotic figures, presence of tumor cell necrosis and pattern of tumor interface each had a P < 0.05. In the context of these variables, while all versions of site-specific criteria and uterine criteria demonstrated excellent sensitivity for classifying biological leiomyosarcoma, differences in specificity were evident. Site-specific 1979 criteria for the 41 vaginal SMTs that did not exhibit aggressive behavior classified 4 tumors as leiomyosarcoma (specificity of 90.2%) whereas uterine criteria classified all 41 vaginal tumors as nonsarcoma (specificity of 100%). Of the 15 vulvar SMTs that did not exhibit aggressive behavior, 2 were classified as at least low-grade leiomyosarcoma by 1979 vulvar criteria (specificity of 86.7%) and 1 was classified as leiomyosarcoma by sitespecific 1996 vulvar criteria (specificity of 93.3%). Uterine criteria classified all 15 tumors as nonsarcoma (specificity of 100%). For both sensitivity and specificity, uterine criteria outperformed site-specific criteria in classification of vulvovaginal SMTs according to patient outcome. An issue we encountered in proposed site-specific criteria was assessment of tumor interface. Whether due to low clinical concern for malignancy, incidental discovery or need for conservative excision given the relative location of tumor to complex and sensitive anatomic structures, vulvovaginal SMTs were often simply excised (80% of all tumors). Frequently, this resulted in positive margins, and hindered or prevented evaluation of a tumor's interface as circumscribed or infiltrative. Accordingly, a designation of "unknown" for tumor interface was necessary in 27% of cases. Furthermore, neither circumscription nor infiltration seemed to be a reliable indicator of malignant potential as 4 leiomyosarcomas were circumscribed but metastasized and 6 infiltrative tumors without other concerning features and did not recur. While tumor interface is statistically significantly associated with recurrence in our analysis (P = 0.0053), it is a difficult feature to reliably evaluate and incorporate into classification of vulvovaginal SMTs. In addition, our data do not support infiltration as a feature pathognomonic of malignancy in vaginal SMTs.
Comparing the overall incidence of vaginal and vulvar SMTs in our study to the separate cohorts reported by Tavassoli and Norris, 2, 3 vaginal SMTs occur more frequently than vulvar SMTs. Our study identified 53 vaginal tumors and 18 vulvar tumors in contrast to their 60 vaginal tumors and 32 vulvar tumors. In general, distinction of vaginal versus vulvar primary tumor can be difficult when pelvic floor musculature is sufficiently distorted. While each patient's anatomic composition varies, it is our experience that tumors exceeding 10 cm in size can become problematic for site assignment. Only 3 of 71 tumors (4%) in our series were larger than 10 cm, and we recorded them as vulvar origin based on clinical interpretation.
It is important to consider other entities in the differential diagnosis that can be confused with vulvovaginal SMTs such as cellular angiofibroma, angiomyofibroblastoma, deep angiomyxoma, malignant melanoma, and dermatofibrosarcoma protuberans. Cellular angiofibroma can be confused with cellular SMTs as both show a fascicular growth of spindled cells with interspersed thickwalled blood vessels. However, cellular angiofibroma tends to form shorter fascicles of fibroblastic cells and has a more enriched vasculature of small to medium sized vessels with hyalinized walls. 11 In addition, contrary to SMTs, desmin is usually negative and CD34 is strongly positive in cellular angiofibroma. 12 Another benign genital stromal tumor to consider is angiomyofibroblastoma. Angiomyofibroblastoma exhibits characteristic alternating zones of cellularity of cytologically bland spindled to plasmacytoid cells in an myxoedematous to fibrocollagenous extracellular matrix. 13 Unlike SMTs, the vessels of angiomyofibroblastoma are small and thin-walled, and myofibroblastic tumor cells have a distinctive perivascular organization. Further, while angiomyofibroblastoma consistently expresses desmin, smooth muscle actins are usually negative. 14 When vulvovaginal SMTs become large and markedly myxoid, deep angiomyxoma should be excluded. Deep angiomyxoma is an infiltrative and uniformly hypocellular neoplasm composed of mildly atypical spindled to stellate myofibroblastic cells set in a prominently myxoedematous matrix with medium to large, thick-walled vessels, some of which are hyalinized. 15 Although deep angiomyxoma can have collections of smooth muscle cells or myoid bundles adjacent to its vasculature, it does not form fascicles to the extent of SMTs. 16 Furthermore, even when myxoid, SMTs are typically more cellular than deep angiomyxoma. Both desmin and smooth muscle actins are frequently expressed by deep angiomyxoma. 16 Cutaneous or mucosal melanoma can morphologically mimic a spindled or epithelioid SMT, but identification of a junctional component or expression of S-100 protein, melan-A, tyrosinase or SOX10 is helpful. However, there is immunohistochemical overlap between melanoma and SMTs. Melanoma can express desmin 17 and SMTs can express HMB45, 18 but SMTs are not usually positive for other melanocytic markers (at least to the extent expected in melanoma). Dermatofibrosarcoma protuberans, including variants with fibrosarcomatous transformation, can resemble SMTs. Classic dermatofibrosarcoma protuberans has an infiltrative or nodular architecture of mildly atypical spindled fibroblastic cells with a characteristic storiform growth, thin-walled vasculature, and collagenous stroma that can become variably myxoid. 19 Tumors that have progressed to fibrosarcomatous transformation show a greater degree of cytologic atypia and mitotic activity as well as herringbone growth pattern. 20 In diagnostically difficult cases, a panel of CD34, desmin and smooth muscle actins are helpful as dermatofibrosarcoma protuberans consistently expresses CD34, even in fibrosarcomatous transformed examples (although overall expression is decreased in the transformed component), and is negative for desmin and smooth muscle actins (except in unusual variants with focal myoid bundles). 21, 22 In addition, if molecular genetic or cytogenetic testing is pursued, t(17;22)(q22;q13) which results in COL1A1-PDGFB fusion, is diagnostic of dermatofibrosarcoma protuberans and is not found in SMTs. 23 In summary, we reviewed the clinical and pathologic features of a large cohort of vulvovaginal SMTs with longterm follow-up and correlated our findings with patient outcome. Although previously proposed site-specific criteria have high sensitivity for identifying SMTs with aggressive behavior, our analysis revealed that uterine criteria were equally as sensitive and more specific than site-specific criteria. Further study of vulvovaginal SMTs classified as STUMP or other leiomyoma variants, such as leiomyoma with bizarre nuclei and mitotically active leiomyoma, is necessary to determine whether the same morphologic thresholds for uterine and ovarian SMTs are valid in tumors of the vulvovaginal region. We recommend use of uterine SMT criteria and nomenclature for evaluation and diagnosis of vulvovaginal SMTs.
